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A glycosyltransferase gene having betal , 3-galactosyl transferase 
activity and containing the amino acid sequence from the 26th Ser to 
the 371st Ser in the amino acid sequence (I), a fully defined 371 amino 
acid protein given in the specification, or (I) with at least one amino 
acid deleted, replaced or added. 

Also claimed are: (1) a glycosyltransferase gene having 

betal ,3-galactosyl transferase activity and containing the amino acid 
sequence from the 1st Met to the 371st Ser of (I), or (I) with at least 
one amino acid deleted, replaced or added; (2) a polynucleotide coding 
the above glycosyltransferase; (3) a polynucleotide having the base 
sequence from the 270th T to the 1307th T i-n the base sequence of (II) 
a fully defined 1613 bp DNA given in the specification; (4) a 
polynucleotide having the base sequence from the 195th A to the 1307th 
I ot (II); and (5) a polynucleotide coding a protein hybridizing with 
the base sequence of (II) and having betal ,3-galactosyl transferase 
acti vi ty. 
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ADVANTAGE - The invention shows an identity of GD1/GM1/GA1 synthase 
gene. 
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(57) v$m] 

h yj^7>^7x7- t?(EC 2.4. l.-)(/3 1,30a 
-1-T)© 7* $ y »E?iJ N a V* ft £ n - K * £ itfc^co Jfi 



fGM3| 

C*i-Clc-Cer 
NeuAc 



a 2.8 S T 



UOP-CaiNAc 

0l,4GztNAc-T 



[003] 

CihCte-Or 
NeuAc 
NauAc 



8l t 4GaiNAc*T 



GaJNAc-Gal-Glc-Cer 
NeuAc 



01,3Ga!-T 



HSU 

CaJNAc-OaHCIc-Cer 
. NeuAc 
N«uAc 



NeuAc 



IGDIbl 

G&J-GalNAc-Gal-Glc-Cer 
NeuAc 
NeuAc 
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m&m i ] mmomwrn^ 1 izmmor umm 

Vl<Dd*>2 6{u©Ser£>£3 7 1 {u©Ser£T©7> * J l£ 

5 % 0 l,3-#5^ F->;i/h7>^7x7- tfS'ffi^^t 

Cd^fARJil 2 ] Siyiji^E^Wf 1 CgaTOOT' S >>KE 
?"J©-5*> lfiCDMet*^ 3 7 1 {5©Ser£ T"©T S y* SEE 

ffiifex & Win * ft £ t * y mmi £ a a,t- & z> , 

>s b is)], b 3 >*7 l?r5ffife#t Sffi 

3 ] ffl*JS 1 * fctt 2 fcffl«©$te#*3R& 

4 ] K0J3E0)E0JS^ 2 tclB«8©^»ffi^Jffl 
0t> 2 7 0{mifrt> 1 3 0 7&©T£T'©iMSE?'J££ 

5 ] E?'J£©E?'J&-i 2 t ia«M)JSSE9J© 
ot)19 5fi©A*6 1 3 0 7{4©TiT-'©ia»Ey>JS* 

[W^ffl 6 ] E?'m©E5*J&^ 2 tfflflW>JS3E9Ji: 
^ K. 

[0 0 0 1 ] 
[ 0 0 0 2] 

[&^©&N5] ^v^'J^vFIt S/^i/Sffe^triWgl 
&iMM&H#7-T&>K ( Suzuki, 

K. (1965) J. Neurochem. 12,969-979) IcSSlClltH 
^til)o txttf> K«co^T(i*<05ff3£* s 

—l3i3l^Ti[®*:iai!lS3ifebT^S^4: (Schaal, H.,W 
ille, C, and Wille, W. (1985) J. Neurochem. 45,54 
4-551) , #>y<J*S/KCDS«|*8?l«ffitt»eSR«H 
T (Ferrari, G., Anderson, B. L., Stephens, R. H., 
Kaplan, D. R., and Greene, L. A. (1995) J. Biol. Ch 
era. 270,3074-3080) , #*15fc*B?©U*;7*-fi 
l>\ fiRSH^U-br*-©^?^ y?< ^-(Modifie 
rs)Bremer, E.G., Hakomori, S., Bowen-Pope, D. F., 
Raines, E.,andR0SS, R. (1984) J. Biol. Chem. 259, 
6818-6825) TS^ItWO^nTl^c {* 

So 

[ 0 0 0 3] ^>^';^^KW$S^©«(C^ 



(2) ftBWl 1 - 5 6 3 7 3 

2 

fit) (C tj V^/'JtyF^ ftHty fc &ftn Lt^«^ I0J 

o*p©^'J h^>^7x-7— tfia£-T-* s *lK(Joz 
iasse, D. H., Shaper, J. H., Van den Eijnden, D. 
H., VanTunen, A. J., and Shaper, N. L. (1989) J. Bi 
ol. Chem. 264,14290-14297, Narimatsu, H.,Sinha, 
S., Brew, K. , Okayama, H., and Qasba, P.K. (1986) 
Proc. Natl. Acad. Sci. U.S.A. 83, 4720-4724) £tu 

tt^mttji^Mm^m^tix^tziikem^ts^ s., k 

aname, T. , Ozawa, M., Yonezawa, S., Sato, E.,Uehar 
a, F., Obama, H., Yamamura. K., and Huramatsu, T. 
(1993) Glycobiology. 3, 575-580, Ioffe, E. , and S 
tanley, P. (1994) Proc. Natl. Acad. Sci. U.S.A. 91, 
728-732, Metzler, H., Gertz, A., Sarkar, M. , Sch 
achter, H., Schrader, J. W. , and Marth, J.D. (199 
4) EMB0 J. 13, 2056-2065) o (WxK, tf$mmmicti^ 

T^7kib«is n^'in, %mm®iz#^xtii7Mm& 

20 3Sfi^^^ii^|itSCh^u § iC^^n(Takainiya,K., Yama 
mo to, A-, Furukawa, K., Yamashiro, S., Shin,M., 0k 
ada, M. , Fukumoto, S., Haraguchi, M. , Takeda, N.,F 
ujimura, K., Sakae, M., Kishikawa,M. , Shiku, H., F 
urukawa,L, and Aizawa, S. (1996) Proc. Natl. Aca 
d. Sci. U.S. A. 93,10662-10667), ^mZfitefi^fzK 

[0 0 0 4] K©o*>, GMlttilt 

m%ztix^h*<nxp> ®mmomMF&? * =t 

30 fctfV^'JtfS/ KT&So GMlliSfc, ni/7h^y>B 
ifT-jx- y h fc1$Mfl9te^UTcAMPJSS(Holfflgren, 
J., Lonnroth, I., Mansson,J. E., and Svennerholm, 
L. (1975) Proc. Natl. Acad. Sci. U.S.A. 72, 2520-25 
24)© J: -5 &ffiS&£!»<?fi5#ft ZbtzZtzt ffito h 

[0005] LfrLft^e, a^s*>^<;*5/Kos 
40 m^mmm^^xmnm^mzt^x, mtnomm 

(D&j&£ &r *» § ^ 'J 3 h 5 >^ 7 x v — tf ©ig{g 
[0 0 0 6] 

wweeoff ib & »«f o fc to t , is ^ a © t & i x 

3&»S^ U 3 h 7 >X 7 x^ — tf©jgfi?^*Jffl qjffi 
50 Spa, /?l, 3-^/7^ h^>;i/h7>^7x7— lf(EC 2.4. 



(3) 
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1 .-)(/? 1 , 3Gal-T)ififi : P*r- & o T , *©j»#GDlb©#6 

A£ft fcSfflfla** e © ftlltIM £ ffi i ^ fe -f > t h p T v -tr ^ 
jf£B^\ GHl&tJf7i/ru-GMl(GAl)C0^Jc&ftl! 

®3S&fr]M,fe f^K ft 6 fta Btcfr^cS «HJ] (; 
Mofe„ 10 
[ 0 0 0 7 ] 

Tti\ fAGDlb^y^D-^-yi/ta^Sr/flOT, /?l,3-#7 
£ h r7 >77 x^-irjgfc^ (/?l,3-galactosyl 
transferase gene) (EC 2.4.1.62) (7)cDNA(7)^#i^ n 

iSfc ~~f i: GM2/GD2 > * - ifcDNA £ ffl ^ T jfife A 
$ ft fe v r> ^ 7 y - vftB 1 6 T- * S KF4C # s cDNA 7 >T 

So £fex GD3*>>*-tf©cDNA£D->T-&3pD3T-31 20 
(is bfl8RNAi:pcDNAI«Si^^^-S:ffl^TSSgaL 
fecDNA7^ 77 iJ-fctttft-iBe^ACco-transfec 
t, co-transfection)1~£ 0 

[ 0 0 0 8 ] *%WtctniS, «£ftfecDNA 

^□->pMlT-9J±, ^©5Ifc?S^#+M h777;7 

©2 17;;i, Xtf*§&fl4ia£M>r Xcatalytic d 
omain)£>3 4 6 T 7 = J ©fe ft-f £ ^ >r 7* I iroJKJ* 

[ 0 0 0 9 ] £fe, ^WPJKC&^T, GM2/GD2S/>£- 30 
"tfififi-fS^AUfev^^^ 7y-vftB16tC^cDNAfe 
«A1" S C i: «c ct 5 , GMlcDSr £rrJc(neo-synthesis) fe fe 

fe<bto 

[0 0 10] Sfcfc, *ftfW£fcl>T, rMOllia^CpMlT 
-9&tfGD3 i/ > 9 — trcDNAfeco-transf ect L fz ffl^tcGMl 
-MtGDlbfe^t&^hfeJMiUfeo SF&fc, pMlT-9 
O), fcf)^D^GM2/GD2^>^--if}fiGT-SiSfi : F#A, 
LfcUBBS* (GM3v>*-^£) *s©$AB\ Ti/T 
D-GM1 (asialo-GMl)fc*E*SC4:feJltBLfc. ±13 

3ffljafcJ;ft« x **»#fJC<t0^«*ft 40 
feck -5 GDlb/GMl/GAl 1? #|i]-T-& S C i: fe 

[0 0 11] £Stc, *$8lBC*5^TBu /?l,3-#7^ 

£RNAfeffl^fey — tf>7"Dy MC&OT, 1.6kb mRNA 

mm, mm, mm, *«tv»ac*5^Tai<*ai** 
(«») 

DNA xtf*S/'Jtf«Sffi 
cDNA fflMWDNA 
RNA 'Jtf^K 



8ft& 1 2 El©7 * hfl&ffSBt:ji^T«<tai^U^l/ 
t*S>f), W^hfetc t:-^(;:3£u ^cofSisJcf*-^ *v h 

<d\w t mffisz omis'<^m*>&£^o »j ^ s fe 0 

[0 0 12] 1-3Ecfc*>, *%n>]{±, E^j^geyiim^l 
f: iffiil^ T 7 ^ y ffi Bd^iJfiD ^-^,2 6 fu^Serfr (=> 3 7 1 fj>; 

X fcfc N' ijn $ ft fe 7^ y ggi m Z & A, t- & 5 > /? i , 3- -7 
n^h7>77x 5- — fiSffi S 1" s ffii-'lE^^*; fe 

[0013] St, *«to(±, Ewawfijrijs^ncgB 

m<DT l yfiSffi^a *» 1 fi^Het^e 3 7 1 f}/;coSer£ 

£ftfer ^ JWm^^kTzUhs /? 1,3-^7^ h 
k»^7x7- tf fi r ffl: & S - j ■ a SS S » » SR S IS £l t- 1 " 5 

[0 0 14] ±E83«©«ft»«*S3-K1" 

[0015] *fe, *««tt, ewaoE3?ij»^2 tga 

<8©ffiSEyiJ©-5*> 2 7 0ffi©T2>>?> 1 3 0 7 ffiCDT^ T 
©«Sffi?J fefitS^'J^^U^f-K feffl {ft 1" 5 fe CO T- 

[0 0 16] Sfe, ^JiSIHttx EW*©Ei?"J»^2«cg3 
tmmm&KDoib 1 9 5ffiOA^6 1 3 0 7 kHOT&T- 

(»mmm*t\t s # u 7 ^ u ^-^ k fe^{jf-i- 7o fe rot 

[0 0 1 7] *5BiWtt, ii^^©i!^J*^2(c 

83«8roia»E5?iJ ^0^1,3-^7 ^ 

h v ;i/ h 7 > ^ 7 x ^ - if ffitt fe 1 1" 5 si ei h (a* te» 

# * ) fe n - K 1 - S ifs ' J 7 ^ u f- k fe fi fi 1 1 - s fe ro T* 
fe^o C©<fc-5&;W 7"U^^X1-SDNAXttRNAi± % 4f 
S L < &0 1,3-^7 ^h^h7>^7x 7 — iffStife 

(Mx.H50X*;i/AZ5 h\ 5xSSC, 10% Na-^** h7 

20mM Na-^^7x-h(pH6.5), 42V(D/\j 7" >J ^ 
4 -tf— > 3 >lfef*TTH5ffi* U^^U^-^ KfW 7"U 

^^x-r^feroT-$)^o 

[0 0 1 8] WT, *»W&*«fiO}B«tBPL-rJ:?)i¥ 

S^7^y»«&i:©*^T*^ts»^ i up ac 

[0 0 19] 
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mRNA ^ yt>^t-RNA 

A T=T~y 

C i/hy> 

G ^T~> 

T 

(^Offe) 

T L C thin layer chromatography 



Trf 

/?-l,4 GalNAc-T 
/?-l,3 Gal-T 
a2,8S-T 
CMP-NeuAc 
UDP-GalNAc 
UDP-Gal 
CT-B 
Et.Br. 
[0 0 2 0] 

mm&xftm) ^^xmmmnms KF3027(Nagata, 20 

Y., Yamashiro, S., Yodoi, J., : Lloyd, K. 0., Shik 
u, H., and Furukawa, K. (1992) 'J. Biol. Chem. 267, 

12082-12089)© 7^ 7U KpHIK-Hyg/M2Tl-l (pMIK/Hyg 
^^^-^GH2/GD2S/>^— tfcDNAS>r >1t- h bfct; 
<D) ©££&«{5?»Af*T-&So B78-2tt, B78 (B16 
(W7^» ^©pM2Tl-103Sc^«tiSe^«A«:-e& 
£>(Nagata, Y., Yamashiro, S., Yodoi, J., Lloyd, K. 

0., Shiku, H., and Furukawa, K. (1992) J. Biol.Ch 
em. 267, 12082-12089) o M^o? 

^>(hygromycin,250//g/ml) (Calbiochem-Novabioch 30 
era, ^tf-fr.CA) iSiDXtiftliBJlDCDDulbeccoaStaY-^ 
;^/S'J^^&SiSi6(D-MEM)7.5^^a&JaJfil^S(FCS)fiV300//g 
/ral©G418(Sigraa, -fe > *,Mo) ^THSftT-S 5o 

[0 0 2 1 ] L1-17&, GM2/GD2v>^— t?cDNA^P-> 
©aG?zSAL«HflaT-S>a. *&fe^pCDM8(Nagata, Y., 

Yamashiro, S., Yodoi, J., Lloyd, K. 0., Shiku, 

H.,and Furukawa, K. (1992) J. Biol. Chem. 267, 120 
82- 1 2089 ) tc fflii * ix &pM2Tl - 1 . pSV2neo©itfi?a9 

tEJJ6-rS€y^D-^;i/fit#(iiAb370)fiV, J/C^T 40 
n-GM1^7 i^D-^;!/ttfr(BAb229){±*«W#«tJ: t> 

[o o 2 2] -j-fcto*)* i ;^v-A^^n^n©^>^ 

[0 0 2 3] (T^*? KfiVcDNAv^r^y-) 
MEScDNA*7^ 77 'J-(ipoly(A) + RNAi: N pcDNAI^^ 
^^-(Invitrogen, *>i;xj, CA)fcffl^TftSiRjffi 50 



transfection^ fefitransfectant 
/?l,4-N-acetylgalactosaminyl transferase 
/51,3-galactosyl transferase 
a2,8 sialyltransferase 

cytocine monophosphate-N-acetylneuraminic acid 
uridine diphosphate-N-acetylgalactosamine 
uridine diphosphate galactose 
cholera toxin B 
Ethydium bromide 



X$>%<, :©7>f77'J-li, 3.5xl0 6 filil±6Dfc/:U 
[0 0 2 4] miM^UT^LTteE.Coli MC1061/P3 

[ 0 0 2 5 ] 7°5^^ KpMIK/D3T-31(i, GD3v>^-- tf 
cDNA^D->T£3pD3T-31(Haraguchi, M. , Yamashir 
o, S., Yamamoto, A., Furukawa, K.,Takamiya, K.,Llo 
yd, k. 0., Shiku, H., and Furukawa, K. (1994) Proc. 

Natl. Acad. Sci. U.S.A. 91, 10455-10459)©Xhol7 
pMIK/Neo^S^#- MEM^A 

r&ET^yU KOfljaSj 254-259^-v, JltwA-^E 
^Bf^jTrffl, ^«Sa, 1993^) b LXttm 

[0 0 2 6] (/?l,3-**7^ h Wl/h7>X7x7- if 
CQcDNA^D->©ljigi) cDNA^>f ^7»J-©77^5 K 
ttfl&K^iSfcS^S (Davis, L. G., Dibner, M. D., an 
d Battey, J. F.(1986) Methods in Molecular Biolog 
y, Elsevier Science. 285-289), — gtifltU 7"^* 
5 KpMIK/D3T-31^tt^DEAEx^^ (Pharmacia B 

iotech, Uppsala) 5: ffl ^ TKF4C«^}ge?^A-r i> C 

[0 0 2 7] flajiK, lOcmmi (Corning, Corning, NY )© 
if^3>7;i/x> hKF4CW1.5xl0 6 f@tC, 8^gfoCDc 
DNAW 7*7 = KSVpMIK/D3T-31S»-iBfi 

^#At£ClhT-qJtET-&6o 60#&, 10%DMS 

0/PBS£T2#»3ILfc^ 2BHJg*U 3Sfi?« 
A L S^U-KpfeHJ^U 1 : 200^RT-mAb370 

IgM(Cappel, Durham, K)X?-h LtzMlz&t (Wysoc 
ki, L. J., and Sato, V. L. (1978) Proc. Natl. Aca 
d.Sci. U.S.A. 75, 2844-2848),, 77 >U FDNABu ^ 
>^>^htfW^, HirtaU«fe^«-r4Ci:t 
ct *)mt£ LRltgT-fe MC1061/P3^JBKfitSi1-6 C 



£W*I1feX-$>ho ffi«fiLfc7-7>U KDNAfeRffliffifi^ 
ft*ft303D--§£&96l!¥£«SU mAb370fc!i£rSt* 

£ 'J-->yu KF4C±T*GDlb£*fiSi1- 
5i|i-OD-- (fi»U«3o) & i 'S Q^-^DEAEx 
^Xh? > A&t>"&£'&7t( IF)7> ^ -fe -Y SrJfl^ 

[0 0 2 8 ] (DNAv-^^>X) m^L7ccDNA7 n -7X 
= KttXhoIfiUfHindl 1 1 77-y; K7*;b- 

~A>J 'j7°h(pBSK)KS( + )^ / /^-^^ y/thZ 

(i\ Kilo-Sequence***^ KTakara, KyotoMz J; 9 38 

[ 0 0 2 9 ] ^ft^ry^H^F^-^^yaV 
Jfi»E0J»££iS4:LTfcl\ T3/T7^V7°W v-X 
4MM^iiAU^7 l J^^ Y V-hPR I SMf 

Ts C-T^l^DNA^ — ^V+f-— (Applied Biosystems, 
Foster City,CA)iC J; 5 tf o - i:A 5 »Jfi£T-& £ 0 
[0 0 3 0] (/n,3Gal-Tjfi{ET-j v ^7; 7 ^ 7 -v-f ; [E 

Bat*, KF-4C^t>'GM2?65i»»78-2 £ , h ^ > x > h 

[0 0 3 1 ] GMlco h ? h&£SS©fctf>fc: % pMl 

T-9/cDNAI ^ £ * - SrKF-4C^DEAE-r h 5 > «C i *3 
ififs r J^A<r3o 

[0 0 3 2] GDlbCO h^>S/x> h^SJS©fcto(C, KF-4 
C^pMIK-neo/D3T-31i:pMlT-9/cDNAIi:S:co-transfect- 
t5. 

[ 0 0 3 3 ] GA1CD h7>s;x> KfiSE© GA2?£ 
JIL1-17«C pHlT-Q/cDNAISiBG^A-rSo Cft 

— [ 0034] GHifcGDibssaog^iae^Afltaa© 

fctofc, pMlT-9/cDNAIStfpMIK-Hyg/D3T-31&, fWx.tt 
l)>K*;]/->£Att»i£(Davis, L. G., Dibner, M. 
D., andBattey, J. F.0986) Methods in Molecular Bi 
ology, Elsevier Science. 290-292)(Ct ?)B78-2tcco-t 
ransfectionqJt£T-&So MB^mXitZmtRt &tz 

mm*, G418(300//g/ml)&?>VW^DV^ i7>(25 
0/zg/al) fc£trD-MEM/7.5%FCS*"eiS8-f S. Ztl<b(D 

[0 0 3 5] (7D-*-f m h'J-7>W) a>tn)* 

> K«Stt^*i*b370(ifiGDlb), mAb229(fexGAl)St>'F 
ITC*g£3U7 h**>>Btf7\3.-y KList Biological 
Laboratories, Carabell, CA)(GMl)£/|OTfT"5o Mf* 
Wttt, ■Abs370&V229t?tt«IB*iDAbsi;45^B8*±7? 



(5) ' ftBPU 1 - 5 6 3 7 3 

8 

4 >*a^-h U FITC*S^^^*f/i;vr>^igMi:->K.|;.4 
57>[lik !fefeT5. 

[ 0 0 3 6 ] £fc, «^rffiWGM15:7>rrt^fe^, (ffl 

nac±FiTc«£t^n u-^ h*v>B^7"^->v hi:457>na^ 

>*a^— hi, FACScan (Becton Dickinson, Mountai 
n View, CA)±T"7Q-+M M h 'J -M J: 0 vHlft 

*{ST- ffiSi £ ft, 4 fir X >/ - ;i/T- 15^ 1* S o 
[ 0 0 3 7 ] 7D-^^ h/h'J-W3> rD-M« 
10 iiUTfcfc, ^l^«GDlb^GAllCf38LT(±2&f;if*«^J 
l^SISt * s nJfigT- S o GMlflSJSCD fc &!) tC l±, 
^-w^^3m^^A«^FITC^Y^ U ^ h 

[ 0 0 3 8 ] (RNAiji|$&t>V — tf > v Y ) RNAfctfijt 
f*^7 YmmiJWM'y v blWPbs i7x;-j^!l] 
V^TWlLL J i»JfibT^^(Choraczynski, P., and Sacchi, N. 

(1987) Anal. Biochera. 162, 156-159) 0 Rf*W(Cl± % 
±RNA(20/zg) Sl^XT^fD-^-^^AT^t YVfr 
±T*7>gfEbs GeneScreenPlusM(Dupont, Boston, MA)± 
20 ^fito [a- 32 P] -dCTPISSg^^ h/?l,3Gal-T cDNA 
(pMlT-9), XI±/?T^^>cDNA(J?^ U^f- K69-8l4)y 
D-^iiCM^^yy^Xfi&SD^^mNagata, Y., Y 
amashiro, S., Yodoi, J.,Lloyd, K. 0., Shiku, H., a 
nd Furukawa, K. (1992) J. Biol. Chem. 267, 12082-1 
2089)T-nJffiTfi5, 7>tff(iv BAS2000Bio-Iinaging7>ffi : 
«(Fuji film, Tokyo) ^(DffiffitcJ: D oJtgT-fe^o 

[0 0 3 9] (fifliH©Wim&t5JSfH^DVhy77>f 
(TLC)ftjS3£fi) /?l,3Gal-TiSe^©^^Me-T«Af* 
(i, B78-2^^y-v^\CD^D->>fb7 0 ^^^ K&tfpMI 
30 K-Hyg/D3T-31 (a2,8v7"J ;U h v >^ 7 x^— 1?( aZ, 
8S-T)cDNA) (D, >J V^^j;!/^ ^ AitffiiC «t ^co-transf 
ectiont J: ^f^&tiSo G418fcA>f Pw?4 z/>mV±2 
U-yo^o-h, GDlb^Sl^ IFr ^ir^>^t>'7 

urukawa, K. , Clausen, H., Hakomori, S., Sakamoto, 
J., Look,K. , Lundblad, A., Mattes, M. J., and Lloy 
d, K. 0. (1985)Biochemistry. 24, 7820-7826) o ftf* 

a, w3oo/i i orMfc^rnxmuon 9 ttitzm 

40 mmt, HygiIfc?0W£^&::> hD-;^D->^ 
6, ^DO^;UA/y^7-;K2:l,l:l,l:2)T«(cffltB 
ffiyS&, *">^U*S/ KiiDEAE — tr7rx^^ 
^A-50(Pharmacia LKB)^ * D v b 7 ^ IZ 

.tO^KT&So TLCtt, MfTOt-iiBiMSTLC7 0 b-h 
(Merck,Dannstdt)K: «t 5, ^ d q*;1/A/^ ^ 7 -;i//2. 
5N NH40H(60:35:8)S:ffl^TfTV^a- fiE^iU^^^ 
7 - ;b S b T nJ^lbT ?95o W^K^v^U^- 
Kf±, ^^AtE±CDi/'J*y;uri/- KMerc 

k)K«t 5TLC*3fiSSfe* s pJffiT-ft5(Furukawa, K.,Claus 

50 en, H., Hakomori, S., Sakamoto, J., Look,K., Lundb 
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lad, A., Mattes, M. J., and Lloyd, K. 0. (1985)Bioc 
hemistry. 24, 7820-7826) o TLCf£, 
U tK'J If^'J^V^^^^-'J K(PVDF)K_tiC|^1% 7 
u - h S WURS £ ? ' □ y £ t S fc to IX »> i/ smm r 

;i/X= >&£tfU >^«?fk/^lM7i<*T- 1B#[HH 

^-UfA mAbsi: lB$[B]gjaT-^ >*a^-h 

u £ % iz t: * ^ > f b ^ v- *cifi -? ^ x i gGS tjf t ^ > 

x.(£Vectastain ABC-P03f y h (Vector laboratories, 
CA)fcffiffl^lTefc5. 

[0 0 4 0] m s &Tvb<{) /5l,3Gal-m, 2^nco# 
ffiTfflj£T-£S(Ruan, S., and Lloyd, K. 0. (1992)Ca 
ncer Res. 52, 5725-5731 ) Q RftWtCfi, M^ffljSIHS! 
t S 7c to (c , ^ > 7)1 £ m -M S flsKb S H 6 ffl ^ T Jg» 1" 
S Q ^(ifffijjIiisl^T-KJSi ±i££lO5,00OgT- 10$ [Si 4 
°CT*i§'0~^ So 

[0 0 4 1 ] ^l,3Gal-T©ia£*}SffiS:^tf1-5{Ctt, H 
f*Wlrl±5^ 1 ic^tr fcCDT-fc 

So 150mM MnCh, 0.375% TritonCF-54( Sigma), UPD- [ 
14 C] Gal (2.0xl0'dpm) (NEN, Boston, MA) , &mQ0 

7°CT^ >^r^- r Ufc& N £$«3ti;C18Sep-Pack;& 
-b 'J ^(Waters, Milford,MA)T-^££U ££>{CTLC& 
r>'7;i/^-D^^7^(Yaniashiro, S., Ruan, S., Furuka 
wa, K., Tai, T., Lloyd, K. 0.,Shiku, H., and Furuk 
awa, K. (1993) Cancer Res. 53, 5395-5400 )T-?>#f1~ 

S o 

[0 0 4 2] (**D^-fefe&) JunsXT-FRxfri 

BLAST(Natioal Center for Biotechnology Informatio 

B7km7W±Mr&, V y h £x7GENTYX-MACver6. 1.0 
(Software Development, Tokyo) Xfio Zk.iPX% & 0 
[0 0 4 3 ] 

[H»'J] (GDlbv > * — -tfcDNACDSiSSi^ P - - > ^CD 
— -#i£) GDlb v > * — tfjlfc^ODcDNA^ p - y%mit% 

x 7— -t?(/?l, 4-N-acetylgalactosaminyl transferase, 

/? 1 , 4GalNAc-T) cDNA? £ SpM2Tl-l©KF3027'\© 
?*Aft5:i@^LT, GM2%$®£r£«nsatt&ft* ZCD 
f*£KF4Chfft£Lfc 0 01fc*3*iS<fc3fca2, 8S-T 
cDNA, pD3T-31fi^>T^»;-(Z^SnS/?U 3Gal-T 
cDNA©co-transfection©&, GDlb©«S* s oI^i:& 

S o 

[0 0 4 4] (GDlb>>*— ifjS(s^(7)cDNA^P->© 
$8) cDNA7^X^U-©jSfi7-«Ai:, JaGDlb mAb37 
Olz <fc s ^- > i^S VHirtftHl & 5 U- -f £ P M1T- 
9 £ O a cDNA^ D ;h,fc 0 pMlT-9©pD3T-31 i: 

KF4C^©co-transfection©^ GDlbOSHS&SitfEl 2 
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h j-mxmm t # ^ t\ mzAHTHt&o iz Fucrs 

b^VB^i; 5*ftf?L,fc|Sg, GHltSferrL< 

[ 0 0 4 5] tot, GDlbv>*--tfi:GMlS/>#--tr 
{± Is] - X to 5 , jgfs-T^C <fc 0 -3 - K £ tlT ^ S C 

<h#$<^£tlS (Iber, H., Kaufmann, R., Pohien 
tz,G., Schwarzmann, G., and Sandhoff, L (1989) FE 
BS Lett. 248, 18-22)„ $ <blzmilt &tz$>l<Z, KF4CJC 
pMlT-90^$:3ie^A GDlbi:GM1^6SS:iH^ 
10 f:„ cne©fflfs^A{*ttGHlfil8aLfe* s GDlbttU 

/MIKdber, H., Kaufmann, R. , Pohlentz, G., Schwa 
rzmann, G. , and Sandhoff, K. (1989) FEBS Lett. 24 
8, 18-22) So 
i± , 7y7P- GM2 ( GA2 ) 6> ^ *s T P -GM 1 ( GA 1 ) © & J& % 

fm%tzmis>$-i?tm~x&zt%^%tix§ 

tzo *ZX\ Z(DcdU(DmB-J-mXlZ J:SGAl(3D^fiic© 
^to$:I^^S^toiC, pM2Tl-HC«t 5ffle?WA$n*:L 
pMlT-9©SSfSllliai:LTfflOfco LJBlliaii, GM3 
20 v>£— -tfnRfJ:(Yamashiro, S., Haraguchi, M. , Furuk 
awa, K. , Takamiya, K-,yamamoto, A., Nagata, Y., LI 
oyd, K. 0., Shiku, H. , and Furukawa, K. (1995) J. 
Biol. Chem. 270, 6149-6155)£^T^6fc#>£, t 

^xom&mijywjris yz&^x^&o m2izfj\t 

£olZ s pM2Tl-l (S^) ^pMlT-9 (hv>i/ai>h) 

iz&zmm^cDm&Tmxiz, GAmr4WmAb229Hct d 

tft tB * tl S «t a td mmiZ GAl S: b tz o 

[0046] (/3uw&i-mtmv*<Dimfyo)ffi?&) 

*mmz£t) s B78-2 (pM2Tl-ltCj;SB78WMfii-r-^A 
30 jHfljjatSfc) ^mt^T, pMlT-9Xi±pMlT-9fcpMIK/D3T-31co 
^&^{5 : F«A«IBflaSfltjALfco 7P-^-r hU 
-(±GH1 (123 B) XI±GMl/GDlb (113 D) (OmW^ 
LT#*&^JG£U^£^Lfc. ^« (B78/M2T1- 
1) s SV-Soafi^Aft: (B78/M2T1-1/M1T-9/D3T- 
31) >P"Ut:K(glycosphi 
ngolipid)#TLC££ ^^ff^n, «fl&Hj5Ed©^|fetf^ 

s©atistti*nt (in 4) o raae^x 

*Slifl<jGDlbM> KOTLC-A^fet <t5^$ 
tlfeo •I^^'^i'}, ^P->fb$*lfccDNA pMlT-9 
40 tiu GDlb/GMl/GAli/>^-^i@fi^^?)ft^-rSi:^9 

[0 0 4 7] (pMlT-9©^>^-K7)E^J) 115^, K 
^P->60HindIII^XhoI^^ h MCDHindl I I-Xhol >^ ^ 
V* > h feS-rapBSKSfflSSL/t©fflSE^*ft«t 5 

»££ftfcpMlT-9<3!M h©^:E9>JS^Lfe (SS^'J 

>^7 x7— tfcDNAi:]t!R C^cDNAiiffi 
J*Wt/h*V^-y->f XT-fe 5^ ^1t>rXttl613bpT-feSo 
194bp©5 , -»|R^i:, 1113bp©^^-X>U-x 
50 -0^7^-Ah, SOB^oy-INHSR^TJESoT^ 
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[0 0 4 8 ] tf— 7>U-7-V >y7b-Affliffl:fe 
SfJB^n KXiKozakttaj^JSBdyJtKozak, M. (1986) C 
ell. 44, 283-292)i:lttfeE?»Jrtt:ffl»ii*nT^5o 
CO^')-?^ >^7l/-AJ±, #7-ft40,976.1 
h > ©371 © 7 ^ > ffi ^ ^ * § * > ^ S & * 

f£-7% EP*>aK 3Gal-T(Joziasse, D. H., Shaper, J. 
H., Van den Eijnden, D. H., Van Tunen, A. J., and 
Shaper, N. L. (1989) J. Biol. Chem. 264, 14290-1429 
7)s /?l,4Gal-T(Narimatsu, H. , Sinha, S., Brew, K. , 

Okayama, H., and Qasba, P.K. (1986) Proc. Natl. A 
cad. Sci. U.S.A. 83, 4720-4724), GalCer~Gal-T(Schu 
lte, S., and Stoffel, W. (1993) Proc. Natl. Acad. 
Sci. U.S. A. 90, 10265-10269; Stahl, N. , Jurevics, 
H., Morell, P., Suzuki, K. , and Popko, B. (1994) J. 20 

Neurosci. Res. 38, 234-242) RXf&lWMB is > # - 
-tfaU 3Gal-T (Yamamoto, F., Marken, J., Tsuji, 
T., White, T., Clausen, H. ,and Hakomori, S. (1990) 

J. Biol. Chem. 265, 1146-1151) X%7L, fo-ffrlO-l 

[0049] ^m^fihTijmmo^MRxjF^ ¥ 
ffife z ti s *s y ± )i t > * - ii^j it if -f h y ;i/ ft k 4 m 

ii, m-m-V y 3 i/;WbSBffltfl43filr-145fflt:#S 
— 7D <J >gS^^ s 42fu-7Hi(ll/30)tC$S1^- 

[0 0 5 0] (/?l,3Gal-TcDNA©^(±^v^ 40 

gd2, mz&mmm^th ) pmit-9© n ^ > s;x > h 

©flIJSx tfcfo'&GDHK GHlftJ:VCAl©$j«S«i«E1-6 
*-©/?l,3Gal-TS:3-H-i-S*»0T-fe5^i:3!) s 3fi<^ 

[0051] ssaae : F*A«iao^>^U'>7 7* 

J/3>©»*JStt*JH^fc. B6Afc*-fJ;3fc* B78 
©pMIK/MlT-9StfpD3T-31tJ:fiSSae?*Af*:*e» 
®^>^>77*'>3>li l 20,000units(pmol/h/mg 
*W^Jt) 0GHl->>*— tfiSfSfcjj*U 50 
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-T-mXimimVarmx&^fzo GD2, GA2, GlcCer, 
GDlb, GM3St>'GDla&aKi:UTSa^fcjfi^ GD2^GA2 
{±UDP-Gal©#ic©Jaiil/^;i/S:^l/fc (0 6 B) 0 
[ 0 0 5 2 ] (y— tf >^D y h^flf) m*0)?vhm 
*8£tC £ ^ T /? 1 , 3Gal -T iSfc ~f-0)$$M WOlft ±Mk £ ffi 

[0 0 5 3 ] f&tt^ «v h^lIwfflSTWiafE^^a^^ < 
fS^rrbfetg*, ^iBG^tt-TTtci 2Hfl&ffflBttft 

Biswas) , mt^ y bmx'&miis^Jiiniittii 

[ 0 0 5 4] 

[«W©5C&S&] «en^{Cj;^ N GDl/GMl/GAlx>#— tf 
m&fom-^fr^ti^o T GDllr>># — t? 
cDNA£lfM8U ^COm&J-mPMK GalNAc/?l->4GaK 
GalNAc£l->4(NeuAca2->3) Gal-X«:GalNAc/?l->4(Neu 
Ac a2->8NeuAc a2->3)Gal-©l ^I'tKSD^SBiE^J 

-5 o 

[0 0 5 5] GM2/GD2->>*— t?(Yamashiro, S., Harag 
uchi, M., Furukawa, K., Takamiya, K-, yamamoto, A., 

Nagata, Y., Lloyd, K. 0., Shiku, H. , and Furukaw 
a, K. (1995) J. Biol. Chem. 270, 6149-6155)©^^ 

ifi, ZtltmxLX, *ISn^icS-^§, iff 1,3 Gal-T 
O, GM2,GD2,GA2tftir£7^7^-r5-f:£te^ft(5fc' 
gtebtju^ztififfsmztltz (I6B) „ 
[0 0 5 6 ] ^{C^PJ^ffi-Sg, tf f 5*">yU^-> 

Kffl^sa^^fiSfiii^n 6 « u 3 ->;bh -5- > ^ 7 x 

Stlto&Zkfbi. tttt>%s iSl,3Gal-Tjte?oa 
fi?fiM^ t J; 0 tt, GDlb/GMl/GAl J; t) MlftCDtS 

[0 0 5 7] BEtJE^fciat, 

»*CWt6»a3»*«Tft*(Sabel, B. A., Slavin, 
M.D., and Stein, D. G. (1984) Science. 225, 340-3 
42, Kapriak, S. E. (1984) Adv. Exp. Med. Biol. 17 
4, 489-497, Svennerholm, L. (1994) Life Sci. 55, 212 
5-2134). tUs 4 >KhDJ8**C*HT©GMl#>*' 
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&7til£t!--5£(Facci ) L., Leon, A.,Toffano, G., So fiEC^Mbtcfctt 5 ^ U K^BXtlCDfliSg&SS'JS: 

nnino, S., Ghidoni, R., and Tettamanti, G. (1984) /7^1" (3, 'J K ^W^Xfi^iS 

J. Neurochem. 42,299-305) o WaiPyV) &-f-C0rtM1jiks ffiifrM^mm*'%tfel:i-&t><nx-P> 

K £ 'X < /? 1 , 4GalNAc-TiiSfi : r-©ffi«* n & tt, £ . 

W*S<5 iiUai Jffi ® i)S i> ( Takam i y a , K., Yamamoto, A-, Fur [ 0 0 5 8 ] 

ukawa, K. , Yamashiro, S., Shin,M., Okada, H. , Fuku [E?']^] 

moto, S., Haraguchi, M.,Takeda, N.,Fujimura, K., S fid?UW*i> : 1 

akae, M., Kishikawa, M., Shiku, H. , Furukawa,K., a SIVWjkg : 371 
nd Aizawa, S. (1996) Proc. Natl. Acad. Sci. U.S.A. 10 BHft<DSl : TiSM 

93, \%M-\mi)*'immm<»wmte®m&o)mm vxuv- : . mm 
m&ftto Che oy%mz nm- * ^wzmmznim &wmm : mtm 

Met Pro Leu Ser Leu Phe Arg Arg Leu Leu Leu Ala Val Leu Leu 
5 10 15 

Leu Val He He Trp Thr Leu Phe Gly Pro Ser Gly Leu Gly Glu 
20 25 30 

Glu Leu Leu Ser Leu Ser Leu Ala Ser Leu Leu Pro Ala Pro Ala 
35 40 45 

Ser Pro Gly Pro Pro Leu Ala Leu Pro Arg Leu Leu He Pro Asn 
50 55 60 

Pro Gin Ala Cys Gly Gly Ser Gly Pro Pro Pro Phe Leu Leu He 
65 70 75 

Leu Val Cys Thr Ala Pro Glu His Leu Asn Gin Arg Asn Ala He 
80 85 90 

Arg Gly Ser Trp Gly Ala lie Arg Glu Ala Arg Gly Phe Arg Val 
95 100 105 

Gin Thr Leu Phe Leu Leu Gly Glu Pro Met Gly Gin Gin Phe Ala 

110 115 120 

Asp Leu Ala Ser Glu Ser Ala Ala Gin Gly Asp Val Leu Gin Ala 

125 130 135 

Ser Phe Gin Asp Ser Tyr Arg Asn Leu Thr Leu Lys Thr Leu Thr 

140 145 150 

Gly Leu Asn Trp Val Asn Lys Tyr Cys Pro Met Ala Arg Tyr He 

155 160 165 

Leu Lys Thr Asp Asp Asp Val Tyr Val Asn Val Pro Glu Leu Val 

170 175 180 

Ser Glu Leu lie Gin Arg Gly Gly Pro Ser Glu Gin Trp Gin Lys 

185 190 195 

Gly Lys Glu Pro Gin Glu Glu Thr Thr Ala Val His Lys Glu His 

200 205 210 

Lys Gly Gin Ala Val Pro Leu Leu Tyr Leu Gly Arg Val His Trp 

215 220 225 

Arg Val Arg Pro Thr Arg Thr Pro Glu Ser Arg His His Val Ser 

230 235 240 

Glu Glu Leu Trp Pro Glu Asn Trp Gly Pro Phe Pro Pro Tyr Ala 

245 250 255 

Ser Gly Thr Gly Tyr Val Leu Ser He Ser Ala Val Gin Leu He 

260 265 270 
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Leu Lys Val Ala Ser Arg Ala Pro Tyr Leu Pro Leu Glu Asp Val 

275 280 285 

Phe Val Gly Val Ser Ala Arg Arg Val Gly Leu Ala Pro Thr His 

290 295 300 

Cys Val Lys Leu Ala Gly Ala Thr His Tyr Pro Leu Asp Arg Cys 

305 310 315 

Cys Tyr Gly Lys Phe Leu Leu Thr Ser His Lys Val Asp Pro Trp 

320 325 330 

Lys Met Gin Glu Ala Trp Lys Leu Val Arg Gly Leu Asn Gly Arg 

335 340 345 

Arg Thr Glu Pro Phe Cys Ser Trp Leu Gin Gly Phe Leu Gly Thr 

350 355 360 
Leu Arg Cys Arg Phe He Ala Trp Leu Asn Ser 
365 370 
E5»J»*f : 2 : 1 

: 1613 hrKPv- : IIM 

Eyyos : mm * &wmm :dna 

GGCGAGGGGA ACCAAGCTGT CCCCGGGGCC GGCTGCGGTG GGTCGGGACC GGAGTGCATG 60 
AGACTGACTG CATCTCATGA TGCTACCGGG ■ CCCGTGCATG GCTCACCCCG TCTCTGCTGC 120 
AGCAGCTGGT TAGGGCCGCT CTCGCAGCTC CCAGCGCTCT TAACAGCTCT GCCCACAGGT 180 
CTCTGCGGCT CACC ATG CCC CTC AGC CTC TTC CGG CGC CTC CTT CTG GCG 230 

GTC CTA CTA CTG GTG ATC ATC TGG ACA CTG TTT GGA CCA TCG GGT 275 

TTG GGG GAG GAG CTG CTG AGC CTG TCC CTG GCG TCC CTT CTG CCA 320 

GCC CCA GCC TCG CCA GGA CCA CCC CTG GCC CTG CCC CGC CTC TTG 365 

ATT CCT AAC CCC CAG GCC TGT GGT GGC TCC GGA CCC CCT CCT TTC 410 

TTG CTC ATC CTG GTG TGT ACG GCC CCG GAG CAC CTG AAC CAG AGA 455 

AAC GCC ATT CGG GGA TCT TGG GGC GCC ATT CGC GAG GCC CGC GGT 500 

TTC AGG GTG CAG ACG CTC TTC CTC CTG GGA GAA CCT ATG GGA CAG 545 

CAG TTT GCT GAC CTG GCC TCA GAG TCA GCA GCA CAG GGG GAT GTC 590 

TTG CAG GCC TCC TTC CAG GAT TCC TAC CGC AAC CTC ACC CTC AAG 635 

ACC CTC ACC GGA CTG AAC TGG GTG AAC AAA TAC TGT CCT ATG GCC 680 

CGG TAC ATC CTC AAG ACA GAT GAT GAC GTG TAT GTC AAT GTC CCA 725 

GAG CTG GTG TCA GAA CTG ATA CAG AGA GGG GGG CCT TCA GAG CAA 770 

TGG CAG AAG GGC AAA GAG CCA CAG GAA GAG ACA ACA GCT GTC CAC 815 

AAA GAG CAC AAA GGC CAG GCA GTG CCC CTT CTG TAT TTA GGC CGG 860 

GTG CAC TGG AGG GTG AGG CCC ACT CGA ACA CCA GAG TCC CGG CAT 905 

CAC GTG TCA GAA GAA CTG TGG CCA GAA AAC TGG GGT CCT TTC CCA 950 

CCC TAC GCC TCT GGC ACG GGG TAT GTA TTG TCT ATC TCT GCT GTG 995 

CAG CTC ATT CTG AAG GTG GCC AGC CGG GCC CCA TAT CTA CCT CTG 1040 

GAG GAT GTC TTT GTG GGA GTA AGC GCA AGG CGA GTG GGC CTT GCC 1085 

CCC ACA CAC TGT GTC AAG TTG GCT GGT GCT ACC CAC TAC CCA CTG 1130 

GAT AGG TGC TGT TAC GGG AAG TTC CTG CTG ACG TCC CAC AAG GTG 1175 

GAT CCT TGG AAA ATG CAG GAA GCC TGG AAG CTG GTG AGA GGA CTG 1220 

AAT GGG AGA AGG ACT GAG CCC TTT TGT TCC TGG CTC CAG GGA TTT 1265 

CTG GGT ACC TTG AGG TGC CGG TTC ATA GCC TGG CTC AAT AGT . 1307 

TGAGAGCCTG GGGCCACAGA AAACAAGACA GCACCTCAGG AACTTTTGCC 1357 

CCAAAATCAG TGCCCAGGCT GCAGCTCCCC GTGGTGATCT ATTTCCCCAC 1407 

AGCAGACTCT GAAGCTGCTA CTGACCAAGG ATAGATAGGG GGCTTGGGGC 1457 

CTGGCCTGCC ATCTCCAAAG ACCAGGGAGG GACGAAGCAC AGGGTGTGGG 1507 
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GAAGACTCAA GAGCCCAATA AACACGTCTC TCTACAAAAA AAAAAAAAAA 
AAAAAAAAAA AAAAAAAAAA AAAAAAAAAA AAAAAAAAAA AAAAAAAAAA 



AAAAAA 

[HI] [11(4, /?l,3Gal-T60fAGDlbmAbS:ffl^fccDNA 
p -~ > ^ £/T^1" 5 , KF4C{4polyomaTf/iJSi t j3 
l,4GalNAc-Tiae?Sa5A^nt*3*), a2,8S/7;i/ffi<E 
«fl»5Ri:/?l, 3Gal*5»»*©cDNA^«. t «SS1" 5 fc, GD 

[H2] M 2 (4, B78-2^t>ll-l7(C^^TrrS^>^^ 10 

{b£ftfccDNA pMlT-9<4, GD3i/>j^— tfcDNA, pD3T-3l 
(6) SfcttfcL (£) ©IfeffTDEAE-^X h7 
> ffiiC J; D jfifi? m A L fc 0 GMl , GDlbfc 4 WGkl f±60H$ 

[03] KSEfflfi^AaiJBT^GHl/GDlbrojfi 
3lS^1 _ HT-feSo B78-2»i4, pMlT-9©* (£) S 
fcttpMlT-9i:pD3T-31 (£) ic 4 *) j£ifc-f$ A£ftfeo G 20 
M l (4 A is 4 If B h & t 3 % M b > - H G D l b ( 4 D !c W % M 
Ltzo tBltai±mAbsjSlin-9->r;i/S; ££^Mr_&fAf* 

[gi4] 114(4, Sc^ae^AaBBafreflsmsnfe* 

A : l/-> l&tf 2«±B78j&>^ b-> 3 (±B78-2, l/- 
> 4 (4B78-2/M1T-9/D3T-31 6 Ofiflffl L *» ©T- & S o 
!/->lf4, lOng^x* b-> 2-4(4 

(4, ^i/ag^e,©^>yu*i/KT-fe5o fi!fflS^±s 30 
>7 D D ftfrk// $ J -;i//2.5N NH 4 Cl(60:35:8)T"fe 

>3i3<ttJ f 4(±Ai:|Hl«t:3aSSUfc^ PVDFMtyo * 
hU trCGDlb mAb370fc:<t 5SSfeU3fc (SBfiKttABC** 

[ID 5] HI 5 (4, £D-><b/3l,3Gal-T pMlT-9^W 
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1607 
1613 

ziitzTi; m%m & mmw iz hn a x ^ 11a -e & s . 

te, Doolittle(Kyte, J., and Doolittle, R. F. (198 

2) J. Hoi. Biol. 157, 105-132H3££o < ;W kd;^> 

[13 6] [16(4, cDNA©^Sgi8(5-T*Af*^e>Wi!liai% 
(0/?l,3Gal-Tfifif;kS^1-|2]T'&^o c;i7;A(4, GM27' 
**7*-£flH*fcffi£©B&ffitt (UPD- [ M C] -Gala 
ctoseS K^— i: LTffll^S) o ^>y^>7^ 

; ;y3> * s SSit*B78-2 h B78-2/M1T-9/D3T-3 1 1? 6 35jgK * 

mmi&fttmz %T / s-t7$-tLxm^x&&$ 
htzo m^>b*t^iitm(oncxmm$titzo Bt4, mi 

^ CO Z * Hr 7# - ffiig tc *t 1- 5 ffi*t W £ 1 , 3Gal - Tffitt. 
GM2T^-fer^-fiOig^SlOOXi: Lfco 
[£3 7] I297tt, /?l,3Gal-TiBfi-Twy— *f> 7'P y h 
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-114 CCCGACGCCAACCA -)31 

ACCT0TCCCCCCC<X:CGCCr0CCCTGCCTCSCCACC:CG.\C7CCA7CACACTCACTCCA7CrrCATC\TCCTACCGCCCCCCTGCAT0<:CTC - 5 1 
ACCCrSTCTCTCCTCCACCAGCTCcrTTAC^^ -I 

ATGCCCCTXAGCCTCTTCCC<>CGCCTCCTTCTOGCGG 90 
H p L S LFRRLL LAVLLLV IIWTS.FCP S C t C E 

GAt^GCTGAGCCTGTCCCTGGCCTKCCTTCtGCCAGCCCCAGW^ 180 

ellslslas t l p a p a s pc?pLAL?RCLt-ff w 

CCCCAGGCCTGT^GlCGCTCCCGACCCCCTCCTTTCrTGC7CATC^ 2 70 

?OACCCSCE>P?rtLIlVCTAPZHC.MQXNAl 

C=GKA'rCT7CGCGCCCCATTCGCGAGGCCCGCC<i7TT^^ 3 6 0 

R G S W C A I RSARCFRVQTLFLLCtPKCQQPA 

OtCCTCCCCTCA^AGTCAGCACCACAGSt^CATGTCTT^ 4 50 

OLACESAAQC OVLQAS F Q 0 S Y R M L T L K T L 7 

CKLACTGAACTGCGTGAJM^ArACT^ S-40 
GLN«VNKYC?HAftifrL1CTO0OVVVHV?ELV 

TCAGAACTSATACAGAGAGXXJOGOCCrrCACACCAAT^ 630 
S BL rORCCPS EQtf-QXCXSPQ E 2 T 7 A V 3 K • 3 

AAACKCASGX^TWCCTTCTSTArrTAG^^ 7^0 
KCQ*V?ttYtCRVHWRVR?TaT?BSRHHVS 

0AA<3AACTG^GCCACAAAACT<«^7^CTTTCCCACCXTACX 310 
ES&SPCHMC P PPP rASCTCY.VLS TSA7QL I 

CTOUWGTKCCA<KCO<iaCCCCATATCTAC<rrCrMA£:GA 900 
LKVASRAPYLPLEOVPVCVSABRVCLAPTS 

rGTarCAAS-TTCGCTGGTCCTACOCACTACCC 990 
CVKliACATHY PL0RCCTGKPLLTS8 K V Q P U 



AAAATXiCAGGAAG^CTCCAACCTCCTCACACCACTCA^^ 



TTCA»TPCCC«rrT<^AX:««CCTCAATAi:TTCACACCC7CCCCC 1 1 70 
LftCRFIAWLN S * 

CACTgCCCA<^rcCASC?CCCCCTCCTCA7CTArrTO 1260 

GCCCTWCTGCClUCrCC AAAGACC AGGG ACGGACGAAGC AC ACGOTCTGCCC AAG ACTC AAGACCOI^^^CACCTCTCTCTACAA 1350 
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